The signalling mechanism of monetary policy is of vital importance as it conveys the central bank's assessment of the economy and its future outlook. In the Indian context, changes in the policy environment since the later half of the 1990s have brought about shifts in the operating procedure of monetary policy. As a result, beside the traditional instruments, new indirect instruments have emerged as tools of monetary policy signalling. Against this backdrop, we examine the efficacy and robustness of alternative monetary policy instruments in transmitting policy signals and its impact on financial market behaviour. Employing a SVAR model, we ascertain whether the gradual emphasis on indirect instruments have facilitated the task of conveying the monetary policy stance and also provide evidence of asymmetric response of financial markets to monetary policy shocks.
I. Introduction
Central banks emphasise on transparency of communication with the public in order to enhance the effectiveness of monetary policy. In this regard, the signalling of policy stance is of vital importance as it conveys the intent of the monetary authority and its future outlook on macro fundamentals. While the signalling mechanisms in developed countries are quite robust, they tend to be weak in the case of emerging market economies, particularly in the wake of market segmentation and absence of a well-defined transmission mechanism. In the Indian context, the changes in the framework and operating procedure of monetary policy since the later half of the 1990s has necessitated broadening the array of policy instruments for communicating shifts in monetary policy stance, whereby greater reliance is on price rather than quantity adjustments.
Against this backdrop, the paper examines whether the shift in emphasis towards the price channel vis-à-vis the quantity channel is borne out by empirical evidence on Indian financial market data. In particular, we try to ascertain the relative efficacy and robustness of alternative monetary policy instruments in communicating policy signals and influencing financial market behaviour. More specifically, this paper has two objectives. First, to discuss briefly the empirical literature on the pass-through effect of policy signals on financial market behaviour. Second, in view of the above, to empirically analyse the impact of changes in policy instruments on various segments of the Indian financial market through a Structural Vector Auto Regression (SVAR) model and draw policy perspectives.
While most studies have analysed the dynamic interaction between monetary policy and financial markets in developed countries (e.g. Roley and Sellon, 1995; Faust and Rogers, 2003) , the present paper is different in three ways. First, we examine the case of an emerging economy, viz. India, where the transmission mechanism exhibit dynamics that are significantly different from more mature markets. Second, we study the impact of all monetary policy instruments, which are actively used by the central bank, on different segments of the financial market 1 . Third, we impose identifying conditions from theory and observed market behaviour instead of estimating an atheoretic model and discuss in detail the policy implications of the results obtained from the empirical exercise.
The rest of the paper proceeds as follows. Section II briefly reviews the empirical literature on the pass-through effects of monetary policy announcements on financial markets. Section III provides a brief discussion of the changes in operating procedure in India brought about by changes in the policy environment. Section IV provides an empirical analysis of the signalling impact of monetary policy in India along with its policy implications.
Section V concludes by summarising the key findings.
II. Brief Review of Literature
Monetary policy works through financial markets, the latter being the core of the transmission mechanism in conveying policy signals. Since financial markets are typically characterised by asymmetric information, signalling is an effective mechanism of bridging the asymmetry and conveying the central banks policy stance to the market. 2 It is important that the policy signals are clear and credible as this may even obviate the need for active stabilisation policy (Christensen, 1999) . In this regard, the central bank's interest rate decisions, communicated by changes in the key policy rate, play a signalling role: the policy rate is public information and an indicator of the central bank's views on the state of the economy (Amato et al, 2002) . 3 One of the first papers to assess financial markets' reaction to monetary policy actions is Cook and Hahn (1989) . They examined the one-day response of bond rates to changes in the target federal (Fed) funds rate from 1974 through 1979 and found that the response was positive and significant across all maturities, but smaller at the long end of the yield curve. They also examined the relationship between changes in interest rates and future changes in the target, but found little evidence that the target rate changes was anticipated. However, for the period 1987-1995, Roley and Sellon (1995) found that although the bond rate increased in response to a hardening of the Fed funds rate, the relationship was statistically insignificant. Similarly, weak results were obtained by Radecki and Reinhart (1994) for the period 1989-92.
A variety of econometric procedures have been used to estimate the market's reaction to Federal Reserve policy in the US, focussing on the unanticipated element of the actions. In a vector autoregression (VAR) framework, Edelberg and Marshall (1996) found a large, highly significant response of bill rates to policy shocks, but only a small, marginally significant response of bond rates. In the context of the currency market, Lewis (1995) Demiralp and Jorda (1999) examined the response of interest rates using an autoregressive conditional hazard (ACH) model to forecast the timing of changes in the Fed funds target, and an ordered Probit to predict the size of the change. Kuttner (2001) estimated the impact of monetary policy actions on bill, note and bond yields, using data from the futures market for Fed funds, in order to separate anticipated and unanticipated components, and 2 The seminal work on market signalling as a mechanism to circumvent the problem of asymmetric information was in the context of the job market by Spence (1973) . An early application in the context of monetary policy is Barro and Gordon (1983) and Vickers (1986) . 3 For a theoretical exposition on the signalling role of monetary policy actions, see Morris and Shin (2000) .
found that while bond rates' response to anticipated changes is minimal, their response to unanticipated changes is large and highly significant.
In analysing the market impact of monetary policy actions, one issue which has been recently discussed in the literature and is crucial for policy makers is the asymmetric response of the market to changes in monetary policy decisions. For example, market expectations often harden disproportionately after policy tightening but ease relatively little when policy rates are reduced. In this context, Vähämaa (2004) shows that market expectations obtained from bond-yields are systematically asymmetric around monetary policy announcements of the European Central Bank (ECB). Around policy tightening, market participants attach higher probabilities for sharp yield increases than for sharp decreases. Correspondingly, implied yield distributions are negatively skewed around monetary policy easing suggesting that markets assign higher probabilities for sharp yield decreases than for increases. Lobo et al (2006) examines the reaction of exchange rates to FOMC changes in the federal funds rate and finds that monetary policy tightening and easing affect currency markets differently. Surprises associated with rate hikes have a larger announcement effect on exchange rates of some currencies as compared to surprises associated with rate cuts.
Most of the existing literature, however, is in the context of developed economies while evidence for emerging market economies is scarce. 4 Since financial markets in emerging economies are highly segmented and less mature as compared with those in developed countries, it would be interesting to examine the impact of monetary policy measures on financial markets in an emerging market economy. In this context, we present India as a suitable case study in the present paper.
III. Monetary Policy Operating Procedure in India
In the post-reforms period and particularly since the second half of the 1990s, the motivation of monetary policy measures has been to increase the operational effectiveness of policy by broadening and deepening various segments of the financial market and develop the technological and institutional infrastructure for an efficient financial sector. Recent experience shows that monetary management in terms of objectives, framework and instruments has undergone significant changes, reflecting broadly the transition of the Indian economy from a regulated to a market economy.
A. Monetary Policy Operating Procedure during 1996-2000
In terms of monetary policy framework, a multiple indicator approach was adopted from 1998 replacing monetary targeting. As a result, several measures were initiated to develop indirect (market based) instruments for transmitting policy signals. As yields on government securities became market related with the announcement of 4 Among the few studies are those by Tabak (2004) who analysed the impact of monetary policy on the term structure in Brazil and Qin et al (2005) who studied the transmission mechanism and impact of monetary policy on the macroeconomy in China. However, they did not examine the impact of monetary policy on different financial market segments which is the main focus of our study. An extremely significant measure during this period was the reactivation of the Bank Rate in April 1997 by initially linking it to all other rates, including the Reserve Bank's refinance rates. 5 Changes in the Bank Rate tend to have a dual impact on interest rates, viz., the direct signalling impact and the indirect liquidity effect. While a change in the Bank Rate per se is reflective of a shift in the stance of policy and conveys a message about the central banks assessment of monetary conditions, it also has a direct effect on the cost of liquidity available from the central bank, which, in turn, has an impact on overall interest rates. However, as the quantum of refinance available is restricted in the Indian context, the liquidity effect of changes in the Bank Rate is negligible (Bhattacharyya & Sensarma, 2005) .
The introduction of fixed rate reverse repo helped in creating an informal corridor in the money market with the reverse repo rate (floor) and the Bank Rate (ceiling), which enabled the RBI to modulate the call rate within this corridor. As commercial banks could draw refinance from the RBI at the Bank Rate and impart with liquidity at the reverse repo rate, the Bank Rate being the ceiling was a natural corollary as it discouraged banks from indulging in arbitrage activities of borrowing at the Bank Rate and investing in the less remunerative call money market.
B. Monetary Policy Operating Procedure during 2000-2006
During this period, unprecedented capital inflows posed new challenges for monetary management, which precipitated a change in the operating procedure of monetary policy. In this regard, the development of a full-fledged Liquidity Adjustment Facility (LAF) from June, 2000 facilitated the modulation of liquidity conditions on a daily basis.
In this mechanism, while liquidity was absorbed at the reverse repo rate (floor), liquidity injection was done at the repo rate (ceiling) by the RBI. The gradual emergence of the LAF corridor as the principal short-term operating instrument has facilitated the steering of short-term interest rates within this corridor, thereby imparting greater stability to financial markets. This corridor predominantly has characteristics of standing facilities, even while they aid open market operations (Saggar, 2006) . As a result, RBI reduced its reliance on CRR for liquidity management operations and substantially rationalised its refinance facilities. Changes in the Bank Rate, however, were continued to be used for signalling the medium-term stance of policy.
The effectiveness of LAF in liquidity management was borne out by evidence from financial market behaviour. Monetary management since mid-2002 has clearly focused on managing surplus liquidity, simultaneously operating through LAF and open market operations. As a result, monthly average call rates, which were volatile during 1990-98, have stabilised subsequently after the introduction of LAF (Chart 1). The benefits of efficient liquidity management operations were also apparent from the relatively orderly movement of both the exchange rates and interest rates during this period.
IV. Empirical Evidence and Policy Implications
Having outlined the contours of the shifts in operating procedure in India's monetary policy, we now move to the question of how effective has been the shift in emphasis from quantum to rate instruments. and then move on to the post-LAF period.
A. 1996:04 -2000:06
In this period, Bank Rate was reactivated as the signalling instrument by the RBI to communicate its policy stance to the financial markets while CRR was used for modulating market liquidity. Hence, we consider the impact of changes in Bank Rate and CRR on various segments of financial market for which we construct a SVAR with the following order: [BR, CRR, CALL, FP3, GSEC1, LSEN]. Optimal lag order selected was 3 such that no autocorrelation or heteroscedasticity is detected from the LM and White's tests, respectively. We do not present the estimated model here since our interest is in the impact of shocks. However, we do present VAR estimates later while studying asymmetry through the use of a dummy variable and the results are not very different from those with the present specification. We directly move to the impulse response analysis (Chart 2) which suggests the following.
Impact of BR on CALL fluctuates between negative and positive values, eventually dying out in around 7
months. However the strength of the impact is not very significant as suggested by the standard error bands. Impact of CRR on CALL is positive and significant, and dies out in around 10 months. Impact of BR on FP3 is negative and substantial only in the fourth and fifth months. Although this may appear to be counterintuitive, one explanation might be that an increase in Bank Rate would increase interest rates leading to a widening of the interest rate differential. 9 According to Brooks (2002) , a SVAR in differences would lead to losing information on the co-movement among the variables which is our primary interest. Sims, Stock and Watson (1990) report that VARs with non-stationary variables incur some loss in the estimator's efficiency but not consistency. Even in case of loss in efficiency of estimates, Sims (1980) recommended against differencing the variables since the goal of VAR analysis is to study inter-relationships and not determine efficient estimates. Furthermore, in our case, it would not be economically meaningful to define differences in some financial market rates and not others, while studying their inter-relationships. This could have been a problem as, in the Indian case, call money rates have been found to be stationary unlike the other rates which are non-stationary (Bhattacharya and Sensarma, op cit).
Consequently, it would attract more capital inflows leading to expectation of an appreciation of the rupee and consequently a decline in the forward premia on foreign currency. However, with sterilised intervention by the RBI in the long run, the appreciation is neutralised and the tightness in liquidity results in an increase in the forward premia.
The strength of the impact, however, is not very significant. The impact of CRR on FP3 is positive and significant, and persistent beyond 12 months. Impact of BR and CRR, respectively, on GSEC1 is negligible (except for a positive impact of CRR around the fifth and sixth months), and that on LSEN is negligible as well. In the above model, we experimented with a dummy variable (DUM) for monetary policy regime that takes the value one during the period of an expansionary monetary policy. We define the dummy variable as taking the value one whenever there is a reduction in the CRR (as CRR was largely rationalised during this period) and in the subsequent periods till there is a policy reversal. Similarly, the dummy variable takes the value zero whenever there is an increase in the CRR and in the subsequent periods till there is a policy reversal. Next, we interacted this dummy variable with CRR to create DUM*CRR whose coefficient indicates whether the impact of a rise in CRR is different from that of a fall in CRR. The estimated VAR model is presented in Table 2 . In all cases except for the stock market, the coefficient of DUM*CRR is negative and statistically significant. This result indicates that when there is a reduction in CRR (expansionary monetary policy); the consequent decline in the market rates is lower in absolute terms than the impact of an increase in CRR. This suggests the presence of asymmetric response of markets to monetary policy changes in India during this period. Specifically, an expansionary policy appears to have had a weaker impact on various markets than a contractionary policy. This result is similar to the evidence provided by Vähämaa (op cit) and Lobo et al (op cit) for bond and forex markets respectively. We are able to extend the evidence to the money market as well in the Indian context.
( In the above exercise, we once again experimented with a monetary policy regime dummy variable as before. In this case, we define the dummy variable as taking the value one whenever there is a fall in the reverse repo rate (since we are considering the post-LAF period of 2000-06) and in the subsequent periods till there is a policy reversal. Similarly, the dummy variable takes the value zero whenever there is a rise in the policy rate and in the subsequent periods till there is a policy reversal. Next, we interacted this dummy variable with RRATE to create DUM*RRATE whose coefficient would tell us whether the impact of a rise in the RRATE is different from that of a fall in the RRATE. The estimated VAR model is presented in Table 3 . In this case, however, the interaction variable had a significant coefficient only for GSEC1 i.e. we are able to provide evidence for asymmetric impact of monetary policy changes only in the government securities market during the post-LAF period. That the asymmetry is getting reflected only in the g-sec (government securities) market is not surprising as movement in bond yields are largely based on expectations about the future. Since a hike in the reverse repo rate conveys hardening of inflation expectations, market participants may apprehend that future bond yields are going to rise even further. However, because of staggered expectations and risk averse behaviour, they seem to react more when rates go up but not so much when rates go down. This is attributed to the downward inflexibility of inflation expectations which has resulted in downward rigidity of nominal interest rates in India. Summing up, the impact of an expansionary monetary policy was symmetric to that of a contractionary policy during the post-LAF period, except in the case of the g-sec market where the impact of contractionary policy appears to have been stronger.
( Table 3 here)
From the above exercise, we find increasing evidence of market integration between the money, the foreign exchange and the government securities market, particularly at the short-end. Although the term structure is still somewhat fragmented, transmission across the yield curve is in evidence. Some salient features of the evolving monetary transmission mechanism emerge from the empirical results of the two periods, which has important policy perspectives as discussed below.
During the period 1996:04 to 2000:06, CRR had a substantial, persistent and more enduring impact on all financial market segments than Bank Rate, both due to its announcement as well as liquidity effect. This implies that although the Bank Rate was reactivated as a signalling rate, its impact on financial markets was largely restricted since the quantum of liquidity available from the Reserve Bank was relatively small in the Indian context, being determined by the eligible refinance mechanism. This is in contrast to developed countries, where banks can avail large amount of liquidity from the central bank at the policy rate (Bank Rate); hence any change in the policy rate can substantially influence the cost of liquidity of banks, which then gets transmitted to the lending rates, thereby affecting aggregate economic activity.
Moreover, the nascent stage of financial market development and the absence of adequate monetary policy instruments during this period often resulted in the RBI taking recourse to a blunt instrument i.e., CRR for liquidity management purposes (for example, during the East Asian crisis). By impounding reserves from the financial system, the CRR effectively controlled the secondary rounds of deposit and credit creation and stabilised liquidity conditions in the financial system. However, as the CRR mechanism impacts over a period of time and is not quickly reversible, short term liquidity management was a problem. Furthermore, the asymmetric response to monetary policy changes during this period indicates that expansionary monetary policy may have had weaker impact on financial markets than contractionary policy. This is indicative of risk-averse behaviour and implies that the market needed greater assurance and evidence of central bank's intentions during monetary easing as opposed to tightening of policy. As a result, while monetary tightening could be signalled credibly to the market through marginal increases in CRR and Bank Rate, substantial reduction in these instruments were effective in communicating an easing of policy as was done during the better part of the period 1996-2000.
For the period 2000:07 to 2006:03, the impact of reverse repo rate on various financial market segments is found to be the strongest and most persistent. As mentioned earlier, India experienced large capital inflows during this period which resulted in substantial accretion of domestic liquidity with the consequential easing of monetary conditions. As a result, RBI had to absorb liquidity on an enduring basis through reverse repo operations. In this regard, the RBI had to frequently alter the reverse repo rate in order to provide greater incentives to the market for parking surplus liquidity with the central bank and contain inflation expectations in the economy. This resulted in the repo/reverse repo auctions under LAF becoming the principal operating instrument of monetary policy for liquidity management in the short term. Concomitantly, the impact of CRR on various market segments diminished as the RBI started de-emphasising the CRR as its principal instrument of monetary control, abiding by its stated objective of lowering reserve requirements to its statutory minimum level over the medium term. A phased reduction in CRR during this period resulted in liquidity abundance leading to lower cost of funds for banks which got reflected in lower lending rates and a general easing of interest rates in the economy. The Bank Rate, however, was the least significant among monetary policy instruments as banks did not avail refinance, particularly in a situation of surplus liquidity. The situation was distinctly different from developed countries, where the financial system operates primarily in a liquidity shortage mode and has to take frequent recourse to central bank liquidity. Furthermore, the asymmetric impact of monetary policy changes is mainly evident in the g-sec market during this period, which is largely driven by expectations about the future. This, in some sense, is indicative of a more mature g-sec market, the development of which was facilitated by the introduction of new instruments and improvement in auction procedures.
Finally, the impact of monetary policy on stock market behaviour is negligible in both the periods. This can be overcome through greater integration of the stock market with other financial market segments so that the asset price channel of monetary policy transmission becomes effective. However, it may be difficult as long as the Indian economy continues to be characterised as a bank-based system rather than a market-based system. Although market capitalisation has reached dizzy heights in recent years, the stock market is an mainly option for AAA rated corporates in raising resources. The small and medium scale enterprises, which constitute the bulwark of the industrial sector, continue to rely solely on bank finance.
In terms of policy implications for the future, the large and unabated capital inflows experienced by the Indian economy since 2001 pose several challenges for liquidity management operations of the RBI. First, over a period of time, continuous reverse repo operations would render the LAF mechanism ineffective as the economy perpetually operates in a liquidity absorption mode. In this regard, the LAF window becomes a first resort for parking surplus funds as banks end up quoting the LAF rate in auctions. Thus, the variable reverse repo rate defacto becomes a fixed repo rate. Furthermore, the resources absorbed under LAF flows back into the system during the reverse leg of the transaction, as a result the economy is saddled with a perpetual liquidity overhang. In this context, while the stated objective is to absorb temporary liquidity through LAF and the more permanent liquidity through market stabilisation scheme (MSS) securities, there is no way of knowing ex-ante whether the liquidity situation is temporary or permanent. Second, RBI may not be in a position to conduct sterilisation operations indefinitely as its inventory of government paper gradually gets depleted, nor would it be able to increase the stock of government paper as it has fiscal ramifications 10 . This has been further compounded by RBI's withdrawal from primary market 
V. Concluding Observations
Our analysis suggests that even though the Bank Rate was identified by the RBI as the principal signalling instrument in the pre-LAF period, quantity adjustments through CRR had a dominant impact on financial markets vis-à-vis rate instruments. In the post-LAF period, however, the situation changed as the reverse repo rate became the most important signalling rate of the RBI. The impact of these signalling instruments, however, was confined to the money, forex and bond markets leaving the stock market largely unaffected. Thus, while the RBI's policy actions had an impact in most segments of the financial market in India, its impact on the stock market was negligible. For the remaining segments of the financial market, we are able to provide empirical evidence on the effectiveness of monetary policy signals, both in the pre and post-LAF periods and the asymmetric impact of monetary policy announcements on financial markets, albeit somewhat muted in the post-LAF period .
10 Unlike in some other countries, the RBI is not empowered to float its own security. Response of CALL to Shock1 Response of LSEN to Shock2
Response to Structural One S.D. Innovations ± 2 S.E.
Note: Shock 1 and Shock 2 refer to BR and CRR respectively. Response of CALL to Shock1 Response of LSEN to Shock3
Note: Shock 1, Shock 2 and Shock 3 refer to RRATE, CRR and BR respectively. 
